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The Effects of 10%, 20%, and 30% Velocity Loss Thresholds
on Kinetic, Kinematic, and Repetition Characteristics
During the Barbell Back Squat
Jonathon Weakley, Carlos Ramirez-Lopez, Shaun McLaren, Nick Dalton-Barron, Dan Weaving,
Ben Jones, Kevin Till, and Harry Banyard
Purpose: Prescribing resistance training using velocity loss thresholds can enhance exercise quality by mitigating neuromuscular
fatigue. As little is known regarding performance during these protocols, we aimed to assess the effects of 10%, 20%, and 30%
velocity loss thresholds on kinetic, kinematic, and repetition characteristics in the free-weight back squat. Methods: Using
a randomized crossover design, 16 resistance-trained men were recruited to complete 5 sets of the barbell back squat. Lifting load
corresponded to a mean concentric velocity (MV) of ∼0.70 m·s−1 (115Q1 [22] kg). Repetitions were performed until a 10%, 20%, or
30% MV loss was attained. Results: Set MV and power output were substantially higher in the 10% protocol (0.66 m·s−1 and
1341 W, respectively), followed by the 20% (0.62 m·s−1 and 1246 W) and 30% protocols (0.59 m·s−1 and 1179 W). There were
no substantial changes in MV (−0.01 to −0.02 m·s−1) or power output (−14 to −55 W) across the 5 sets for all protocols, and
individual differences in these changes were typically trivial to small. Mean set repetitions were substantially higher in the 30%
protocol (7.8), followed by the 20% (6.4) and 10% protocols (4.2). There were small to moderate reductions in repetitions across
the 5 sets during all protocols (−39%, −31%, −19%, respectively), and individual differences in these changes were small to very
large. Conclusions: Velocity training prescription maintains kinetic and kinematic output across multiple sets of the back squat,
with repetition ranges being highly variable. Our ﬁndings, therefore, challenge traditional resistance training paradigms
(repetition based) and add support to a velocity-based approach.
Keywords:Q2 velocity-based training, power, resistance training
Velocity-based training (VBT) is a contemporary method of
resistance training that accounts for ﬂuctuations in physical char-
acteristics and daily readiness.1,2 In addition, implementing VBT can
enable practitioners to accurately prescribe velocity loss thresholds
(eg, a 10% velocity loss threshold) that targets speciﬁc kinetic and
kinematic outputs.3–5 Velocity loss thresholds are calculated from the
maximal attainable velocity output during a training session, which is
typically determined from the initial repetition of the ﬁrst training set,
and can guide the practitioner when to terminate a training set.6 For
example, a 10%velocity loss thresholdwith an initial repetition speed
of 0.70 m·s−1 would require an individual to terminate the set when
the repetition velocity dropped below 0.63 m·s−1. The application of
thresholds helps guide practitioners to understand the magnitude of
velocity loss and neuromuscular fatigue that has occurred.5,7
The application of velocity loss thresholds are commonly
used to prescribe training volumes due to their inﬂuence on
both structural and functional muscle adaptations.3,4,8 Larger
velocity loss thresholds (eg, 30% vs 10%) have been demonstrated
to promote greater hypertrophic adaptations due to the increased
training volume that can be achieved prior to set termination.4
Alternatively, smaller thresholds (eg, 10% vs 30%) encourage
greater development of strength and power due to reduced neuro-
muscular fatigue and preferential hypertrophy of type II ﬁbers.3,4
However, little is known about the kinetic and kinematic outputs
that underpin this form of resistance training prescription. In
addition, the expected range of repetitions that can be completed
within a training session has not been detailed.
Recent studies have used 10%, 20%, and 30% velocity loss
thresholds during VBT prescription.6,9,10 However, previous research
has suggested that divergent training adaptations occur when these
differing thresholds are applied.3,4 Furthermore, the number of
repetitions that can be completed within a given velocity loss
threshold has been suggested to be highly variable depending on
the number of sets completed and the individual involved.4,10 But
the extent of this interindividual variability is yet to be formally
quantiﬁed. Therefore, we aimed to describe the within- and between-
condition differences in kinetic, kinematic, and repetition character-
istics of 10%, 20%, and 30% and to determine the interindividual
variability of these differences.
Methods
Design
We utilized a counterbalanced crossover design to assess the effects
of different velocity loss thresholds on kinetic, kinematic, and
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repetition data during the barbell back squat. Eighteen team sport
athletes volunteered to complete the 3 resistance training protocols,
with 2 athletes being lost to follow up. Following a familiarization
session, athletes completed a 10%, 20%, and 30% velocity loss
condition that was based on an initial mean concentric velocityQ5 (MV)
of 0.70 (0.01) m·s−1. Testing occasions consisted of 5 sets of the back
squat (interspersedwith 3-min recovery), with the external load in set
1 being adjusted so that the MV of the fastest repetition of the ﬁnal
warm-up set was 0.70 (0.01] m·s−1. In sets 2 to 5, the initial repetition
velocity was required to be 0.70 (0.06) m·s−1.11
Subjects
Sixteen male team sport athletes (mean [SD]; age 23.1 [2.4] y, body
mass 88.8 [13.3] kg, height 180 [7] cm) from a British University
and Colleges Super Rugby club (United Kingdom) completed our
study. All athletes had at least 2 years resistance training experience
with the back squat exercise,12 had been completing a resistance
training program for the previous 6 months that involved intensities
between 60% and 93% of 1-repetition maximum (1RM), and had
been habitually completing this exercise at least twice a week for
3 months without interruption. The testing took place during the
off-season period of the rugby union playing calendar. During
the familiarization session, athletes were explained the design of
the study, given the opportunity to ask questions, and then provided
written consent. Athletes then demonstrated the back squat exercise
to ensure the strict technique requirements of the study were
adhered to. All experimental procedures were approved by the
Leeds Beckett University’s ethics committee.
Methodology
Resistance Training Sessions. Following familiarization, ath-
letes were assigned to 3 testing occasions, separated by at least
72 hours. All occasions were atQ6 the same time of day and athletes
were required to not have completed any strenuous exercise for the
preceding 48 hours. For each occasion, athletes completed a warm-
up that consisted of dynamic movements.13 Following this, a squat-
speciﬁc warm-up was completed, which consisted of 8 repetitions
with an empty barbell (Eleiko Sport AB, Halmstad, Sweden),
followed by 3 sets of 3 to 5 repetitions at self-selected submaximal
loads.12,14,15 During the warm-up, the MV of all repetitions was
monitored by a linear position transducer (GymAware; Kinetic
Performance Technology, Canberra, Australia).16,17
After the squat-speciﬁc warm-up, the load that elicited a
barbell MV of 0.70 (0.01) m·s−1 was found. The primary investi-
gator (who was present during all testing occasions) placed a load
that was 70% of the subject’s estimated 1RM on the bar. The
athletes then completed 2 repetitions with this load followed by a
3-minute recovery period. If the MV of the fastest repetition from
this estimated 70% 1RM load was outside of the 0.70 (0.01) m·s−1
range, the external load was adjusted. This velocity was chosen, as
it is similar to the initial velocity in previous VBT research9 and has
demonstrated satisfactory between-day reliability.11 Adjustments
were made according to previous research by Banyard et al.9
Brieﬂy, if MV was 0.06 m·s−1 higher or lower than 0.70 m·s−1,
the external load was adjusted by ±5% of estimated 1RM.9 Smaller
adjustments (eg, 0.5–1.0 kg) were used when within this 0.06 m·s−1
range (eg, 0.67 m·s−1).
Once a load that enabled a barbell velocity of 0.70 (0.01) m·s−1
was found, subjects were provided a 5-minute recovery, and then
completed 5 sets of the back squat with either a 10%, 20%, or 30%
velocity loss threshold applied. By applying these thresholds, ath-
letes were required to terminate the exercise set at 0.63 m·s−1 in the
10% condition, 0.56 m·s−1 in the 20% condition, and 0.49 m·s−1 in
the 30% condition. Following the completion of each set, 3-minute
recovery was provided. In sets 2 to 5, the initial repetition of the set
was required to be 0.70 (0.06) m·s−1. This was based on extensive
piloting prior to the initiation of the study that found that the smallest
detectable difference (normal variation in velocity) in MV between
sets was 0.06 m·s−1. This agrees with previous research that has
shown that the smallest detectable difference between sessions
with relative loads ranging from 20% 1RM to 80% 1RM is also
±0.06 m·s−1.11 If the velocity of the ﬁrst repetition of sets 2 to 5 was
not within the 0.70 (0.06) m·s−1 range, an additional 30-second
recovery was provided. After this additional 30-second recovery
period, athletes performed another single repetition. If the barbell
velocity was within the 0.70 (0.06) m·s−1 range, the set continued to
the prescribed velocity loss threshold. However, if barbell velocity
from this second attempt was not within this range, the load was
adjusted by ±5% of estimated 1RM, and a further 30-second
recovery was provided. Once a load adjustment had been made,
all athletes were found to be able to attain a barbell velocity within
the 0.70 (0.06) m·s−1 range on the following repetition, and the set
continued to the prescribed velocity loss threshold.
Outcome Measures. A linear position transducer was used to
collect all data within this study. The linear position transducer
used a variable rate sampling method with level-crossing detection
that assisted in the interpretation of data points. The encoder
provides approximately one electrical impulse every 3 mm of
barbell displacement with each value time stamped with a 1-ms
resolution. This “downsamples” to a maximum of 50 samples per
second (ie, 50 Hz). This method is utilized as it means the
transducer adapts to the rate of change and removes noise associ-
ated with high-frequency sampling, as data are only recorded
during movement. This information was then transmitted via
Bluetooth™ to a tablet (iPad; Apple Inc Q7, CA). The retractable cord
was placed at the furthest position of the grip section of the barbell
for all trials (ie, approximately 65 cm from the center of the bar),18
with the linear position transducer demonstrating acceptable levels
of validity and reliability for velocity, power, and force.19,20 Mean
and peak concentric kinetic and kinematic outputs were averaged
for each of the 5 sets during the 10%, 20%, and 30% velocity loss
threshold conditions and used for further analysis.
Statistical Analyses
Raw load, kinetic, and kinematic data were seen to be plausibly
normally distributed for each set and are presented as the mean
(SD). Counts of repetitions were positively skewed and are sum-
marized using the mode, median, interquartile range, and total
range. Repetition counts were also log-transformed prior to analy-
sis and subsequently back transformed postanalysis, with the
resultant effect statistics given as accurate percentages.
We used linear mixed-effect models (SPSS version 24; IBM,
Armonk, NY) to compare kinetic, kinematic, and repetition data
within and between each protocol. First, set number was mean
centered and rescaled (ranging from −0.5 to 0.5) before being
speciﬁed as a ﬁxed effect (covariate, with intercept) to compare
the linearized change in outcome measures across the 5 sets.
Protocol (10%, 20%, or 30% velocity loss) was also speciﬁed
as a ﬁxed effect (factor, with intercept) and was interacted with sets
to compare the typical (mean) set performance between each condi-
tion (ie, difference in intercepts) and differences in the linearized
(Ahead of Print)
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rate of change in each outcome measure over the 5 sets. Models
were also ﬁt with a random intercept for athlete and a random slope
for set, using an unstructured covariance matrix, to quantify
individual differences (as SDs) in the linearized change across
the 5 sets.
Uncertainty in all outcome measures was expressed with 90%
conﬁdence intervals (CIs). We used nonclinical magnitude-based
inferences21,22 to provide an interpretation of the size and uncer-
tainty of all effects. The between-athlete SD was multiplied by
thresholds of 0.2, 0.6, 1.2, and 2.0 anchor small, moderate, large,
and very large effects, respectively.21 As we employed tightly
controlled velocity loss protocols, between-player SDs for mean
and peak velocity were artiﬁcially small and deemed inappropriate
to anchor changes and differences. Instead, we used between-
player SDs of 0.09 for mean velocity and 0.17 m·s−1 for peak
velocity, which have been previously reported by Banyard et al11 in
resistance-trained men performing the barbell back squat at com-
parable intensities to the athletes in our study (60%–80% 1RM).
The likelihood of the true effect being the observed magnitude or
trivial was interpreted using a scale of probability descriptors.21
SDs representing individual differences in the linearized change
across the 5 sets were doubled before interpreting their magnitude
above these thresholds.
Results
Descriptive Data
The mean (SD) external loads for 10%, 20%, and 30% protocols
were 116.1 (21.9) kg, 113.9 (21.5) kg, and 114.9 (21.5) kg. Descrip-
tive data for kinetic and kinematic outcomes are presented in
Figure 1, and descriptive data for repetitions are presented in Table 1.
Comparison of Kinetic and Kinematic Outcomes
Mean and peak set velocity were likely to most likely lower during
the 20% protocol (small magnitudes) and 30% protocol (moderate
magnitudes) when compared with the 10% protocol, with the 30%
protocol also being most likely lower than the 20% protocol (small
magnitudes). There was no substantial difference in mean or peak set
force between protocols (Table 2).Mean and peak set powerwas very
to most likely lower during the 20% protocol (small magnitudes) and
30% protocol (moderate and small magnitudes, respectively) when
compared with the 10% protocol (Table 2). When comparing the
30% protocol with the 20% protocol, mean power was most likely
lower (small magnitude), and peak power was possibly lower (small
magnitude)/possibly the same (trivial) (Table 2).
The change in mean and peak kinetic and kinematic variables
across the 5 sets were possibly to most likely trivial for each protocol
(Tables 3 and 4), except for mean set power for the 30% condition,
which likely reduced by a small magnitude (Table 3). Individual
differences in these changes (represented as SDs in Tables 3 and 4)
were trivial to small for all variables, with the exceptions of mean
velocity and power for 10%, which were moderate.
Comparison of Repetitions
Players performed most likely more repetitions during the 20%
protocol (moderate magnitude) and very likely more repetitions
during the 30% protocol (large magnitude) when compared with
the 10% protocol (Table 5), with very likely moreQ4 repetitions
completed during the 30% protocol when compared with the
20% protocol (small magnitude). There were possibly and very
likely small reductions in repetitions across the 5 sets for the 10%
and 20% protocols, with the reduction during the 30% protocol
being possibly moderate (almost certainly small; Table 5). Indi-
vidual differences in these changes (represented as SDs in Table 5)
were very large for 10%, small for 20%, and moderate for 30%.
Discussion
Prescribing resistance training using velocity loss thresholds
can enhance exercise quality by mitigating neuromuscular fatigue.
As little is known regarding performance during these protocols,
we aimed to assess the effects of 10%, 20%, and 30% velocity loss
thresholds on kinetic, kinematic, and repetition characteristics in
the squat. Our ﬁndings show that velocity loss prescription can
mitigate the loss of kinetic and kinematic outputs across 5 sets of
the barbell back squat, with typically trivial to small changes
evident, and individual differences in these changes being typically
trivial to small (ie, consistent). By comparison, the number of
repetitions completed in each set substantially reduced, and indi-
vidual differences in these changes were small to very large
(ie, inconsistent). Finally, we observed greater kinetic and kinematic
outputs with smaller velocity loss thresholds (ie, 10% > 20% >
30%),while larger thresholds enabled a greater number of repetitions
to be completed. Collectively, our ﬁndings suggest that velocity loss
thresholds are of importance when aiming to maintain set “quality,”
as athletes have differing strength-endurance characteristics. These
data, therefore, challenge traditional resistance training paradigms
(eg, repetition-based prescription) and add support to a velocity-
based approach.
By utilizing velocity loss thresholds, we found that both mean
and peak velocity and power could be maintained across each set
(Figure 1), with typically trivial to small differences between athletes
(Tables 3 and 4). In addition, we observed substantially greater mean
and peak barbell velocities when smaller velocity loss thresholds
were applied when compared with larger thresholds. This agrees with
previous research that has shown that greater velocity loss thresholds
can reduce kinetic and kinematic outputs.3 This is of importance for
athletes as greater losses in training velocities have been demon-
strated to impair adaptations (eg, 1RM strength and jump height).3,4,8
Consequently, these ﬁndings support the tenet that more accurate
monitoring can transpire when sets are terminated at predetermined
cutoff velocities. By utilizing these velocity loss thresholds, losses in
velocity and power that are often observed across multiple sets can be
negated.23 Therefore, due to the attenuated reduction and between-set
consistency of kinematic outputs by utilizing velocity loss thresholds,
we recommend that practitioners consider monitoring resistance
training intensities and volumes with this method.
Although we found substantial between-condition differences
in velocity and power outputs, the differences across sets and
between protocols in mean and peak force were trivial. This is the
ﬁrst study to highlight the lack of difference in this variable when
utilizing differing velocity loss thresholds, and may be explained
by the consistencies in bar load (weight) in every protocol, coupled
with the stable nature of force production when completing the
barbell back squat.24 This agrees with previous ﬁndings that have
shown that changes in external load, rather than accumulating
neuromuscular fatigue during exercise, have the greatest inﬂuence
on this kinetic variable.23 This should be noted by the practitioner
as it suggests that despite substantial decreases in velocity and
power during exercise, force variables remain relatively stable.
Therefore, force variables are not advised to be used to monitor
changes in neuromuscular function during resistance training.
(Ahead of Print)
Effects of Velocity Loss Thresholds 3
Figure 1 — Average mean and peak concentric kinetic and kinematic outputs across 5 sets in the 10%, 20%, and 30% velocity loss threshold
conditions. The mean change in meter per second, W, and N from the ﬁrst to the ﬁfth set is also shown. (A) Average mean velocity (m·s−1). (B) Average
peak velocity (m·s−1). (C) Average mean power (W). (D) Average peak power (W). (E) Average mean force (N). (F) Average peak force (N).
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Another important ﬁnding from our study was the interindivid-
ual variability that was observed in the change of repetitions across
the 5 sets (Table 5). The small to very large SDs—representing
individual differences in the “linearized” reduction of repetitions
over the 5 sets—suggest that individuals have differing rates of
fatigue in response to velocity loss protocols. This is despite addi-
tional rest (30 s) and changes in external load (∼5% of 1RM) being
allowed when athletes were unable to reach the initial starting velo-
city of a set. Such a ﬁnding supports the notion that traditional
methods of prescribing resistance training (eg, repetition-based from
a percentage of 1RM) are unable to maintain kinetic and kinematic
outputs across sets23 and may cause athletes to have substantially
differing neuromuscular fatigue responses when completing the
same training session. Therefore, we strongly recommend that,
rather than prescribe set-repetition schemes (eg, 10 repetitions across
all sets with a speciﬁed percentage of 1RM), appropriately pre-
scribed relative losses in MV are used. This approach allows
practitioners to have greater control of neuromuscular fatigue,
improved ability to account for interindividual differences in recov-
ery between repeated bouts of exercise, and ensure that repetition
quality is maintained.
Finally, due to the larger velocity loss permitted, larger velocity
loss thresholds allowed for greater number of repetitions to be
completed (ie, 30% > 20% > 10%). However, as shown by the range
of repetitions within conditions (Table 1), substantial deviation
around the median repetition number did occur. This demonstrates
varying rates of barbell velocity loss during exercise (eg, a rapid loss
in velocity vs a gradual decline) and supports previous research that
has demonstrated athletes may need to perform a varying number of
repetitions prior to achieving a given percentage of velocity loss.25
This could be explained by training history and/or differing levels of
muscular endurance.4 Despite this, the greater training volumes, but
lower overall kinematic outputs observed in the 20% and 30%
conditions, might affect subsequent adaptations when adhering to
these protocols over time.4,7 Larger velocity loss thresholds can
attenuate strength and power adaptations but induce greater muscle
hypertrophy.3,4,7 Therefore, larger velocity loss thresholds (eg, 30%)
may be used to increase training volume but ensure that concentric
failure is not reached. Alternatively, smaller velocity loss thresholds
(eg, 10%) can be implemented to ensure greater kinematic outputs
and mitigate the accumulation of neuromuscular fatigue.4,7
Although this study improves the knowledge of VBT and the
implementation of velocity loss thresholds, it is not without limita-
tions. We acknowledge that differing initial starting velocities
(eg, 0.40 m·s−1 vs 0.70 m·s−1) may alter the number of repetitions
and kinetic and kinematic outputs within a training set.3,25 Despite
this, previous evidence suggests that velocity loss thresholds con-
tinue to follow similar trends with different starting velocities
(eg, greater velocity loss thresholds cause increases in the number
of repetitions and increased loss of kinematic outputs).3,4,25 In
addition, although our data further the understanding of the
performance-based responses to velocity loss protocols, knowledge
of the associated internal responses is still tenuous. Research has
shown that as velocity loss occurs, alterations in metabolic
(eg, lactate) and neuromuscular (eg, countermovement jump) func-
tion transpire.5 However, these responses have not been quantiﬁed
using commonly implemented velocity loss thresholds. As the
internal response to training drives both positive (eg, adaptation/
ﬁtness) and negative (fatigue/overtraining) outcomes, future research
is warranted to examine the effects of these thresholds on perceptual,
metabolic, and neuromuscular function to gain a better understand-
ing of training prescription.
Practical Applications
We recommend that relative velocity loss is used to inform
practitioners when set termination should occur. By applying
relative velocity loss thresholds, the accrual of fatigue throughout
Table 1 Descriptive Repetition Data of the 10%, 20%, and 30% Velocity Loss Conditions
Condition Set number Mode Median QI range
Total range
(minimum–maximum)
10% 1 2 6 3–7 2–9
2 3 5 3–7 2–9
3 3 4 3–6 2–8
4 2 4 3–5 2–11
5 2 5 2–5 2–10
Total 25 25 18–29 10–36
20% 1 7 8 6–10 4–19
2 8 8 6–8 4–13
3 5 6 5–8 4–12
4 7 5 4–7 3–10
5 6 6 4–6 4–11
Total – 32 28–39 20–55
30% 1 15 10 8–15 4–24
2 9 10 8–11 4–18
3 6 7 6–8 3–13
4 8 8 7–9 4–10
5 6 6 5–8 3–10
Total 22 46 36–50 22–62
Abbreviations: QI range, interquartile range; –, no mode.
(Ahead of Print)
Effects of Velocity Loss Thresholds 5
T
ab
le
2
C
o
m
p
ar
is
o
n
o
f
M
ea
n
S
et
K
in
em
at
ic
,
K
in
et
ic
,
an
d
R
ep
et
it
io
n
P
er
fo
rm
an
ce
A
cr
o
ss
th
e
3
V
el
o
ci
ty
L
o
ss
P
ro
to
co
ls
Q
8
D
if
fe
re
n
ce
b
et
w
ee
n
p
ro
to
co
ls
,
%
O
ve
ra
ll
se
t
m
ea
n
s
10
%
vs
20
%
10
%
vs
30
%
20
%
vs
30
%
M
ea
su
re
10
20
30
M
ea
n
(9
0%
C
I)
In
fe
re
n
ce
b
M
ea
n
(9
0%
C
I)
In
fe
re
n
ce
b
M
ea
n
(9
0%
C
I)
In
fe
re
n
ce
b
M
ea
n
co
nc
en
tr
ic
V
el
oc
ity
,
m
·s
−
1
0.
66
0.
62
0.
59
−
0.
04
(−
0.
05
to
−
0.
03
)
20
%
m
os
t
lik
el
y
↓
(0
/0
/1
00
)
−
0.
07
(−
0.
08
to
−
0.
06
)
30
%
m
os
t
lik
el
y
↓c
(0
/0
/1
00
)
−
0.
03
(−
0.
04
to
0.
02
)
30
%
m
os
t
lik
el
y
↓
(0
/0
/1
00
)
P
ow
er
,
W
13
41
12
46
11
79
−
95
(−
11
0
to
−
82
)
20
%
m
os
t
lik
el
y
↓
(0
/0
/1
00
)
−
16
0
(−
17
0
to
−
15
0)
30
%
m
os
t
lik
el
y
↓c
(0
/0
/1
00
)
−
67
(−
80
to
−
54
)
30
%
m
os
t
lik
el
y
↓
(0
/0
/0
0)
F
or
ce
,
N
20
60
20
33
20
37
−
26
(−
37
to
−
16
)
m
os
t
lik
el
y
tr
iv
ia
l
(0
/1
00
/0
)
−
22
(−
33
to
−
11
)
m
os
t
lik
el
y
tr
iv
ia
l
(0
/1
00
/0
)
4
(−
7
to
15
)
M
os
t
lik
el
y
tr
iv
ia
l
(0
/1
00
/0
)
P
ea
k
co
nc
en
tr
ic
V
el
oc
ity
,
m
·s
−
1
1.
30
1.
25
1.
19
−
0.
06
(−
0.
07
to
−
0.
04
)
20
%
ve
ry
lik
el
y
↓
(0
/2
/9
8)
−
0.
11
(−
0.
13
to
−
0.
09
)
30
%
lik
el
y
↓c
(0
/2
4/
76
)
−
0.
05
(−
0.
07
to
0.
04
)
30
%
ve
ry
lik
el
y
↓
(0
/2
/9
8)
P
ow
er
,
W
33
22
30
85
29
48
−
24
0
(−
31
0
to
−
17
0)
20
%
ve
ry
lik
el
y
↓
(0
/1
/9
9)
−
37
0
(−
44
0
to
−
31
0)
30
%
m
os
t
lik
el
y
↓
(0
/0
/1
00
)
−
14
0
(−
20
1
to
−
68
)
30
%
po
ss
ib
ly
↓/
tr
iv
ia
l
(0
/4
6/
54
)
F
or
ce
,
N
29
34
28
60
28
58
−
73
(−
98
to
−
48
)
ve
ry
lik
el
y
tr
iv
ia
l
(0
/9
6/
4)
−
75
(−
10
0
to
−
51
)
lik
el
y
tr
iv
ia
l
(0
/9
4/
6)
−
2.
2
(−
23
to
27
)
m
os
t
lik
el
y
tr
iv
ia
l
(0
/1
00
/0
)
T
ot
al
re
pe
tit
io
ns
,
(n
)a
4.
2
6.
4
7.
8
53
(4
2
to
64
)
20
%
m
os
t
lik
el
y
↑
c
(0
/0
/1
00
)
87
(7
5
to
99
)
30
%
ve
ry
lik
el
y
↑
d
(0
/1
/9
9)
22
(1
2
to
32
)
30
%
ve
ry
lik
el
y
↑
(0
/3
/9
7)
A
bb
re
vi
at
io
n:
C
I=
co
nﬁ
de
nc
e
in
te
rv
al
.
a G
eo
m
et
ri
c
gr
an
d
m
ea
n.
b
D
at
a
in
pa
re
nt
he
si
s
ar
e
th
e
pr
ob
ab
ili
tie
s
(%
ch
an
ce
)
th
at
th
e
ou
tc
om
e
m
ea
su
re
w
as
su
bs
ta
nt
ia
lly
hi
gh
er
(↑
)/
th
e
sa
m
e
(t
ri
vi
al
)/
su
bs
ta
nt
ia
lly
lo
w
er
(↓
)
fo
r
pr
ot
oc
ol
b
ve
rs
us
a.
U
nl
es
s
st
at
ed
,a
ll
ef
fe
ct
s
ar
e
ev
al
ua
te
d
ag
ai
ns
t
th
e
th
re
sh
ol
d
fo
r
a
sm
al
l
di
ff
er
en
ce
.
c I
nf
er
en
ce
ev
al
ua
te
d
at
a
m
od
er
at
e
m
ag
ni
tu
de
.
d
In
fe
re
nc
e
ev
al
ua
te
d
at
a
la
rg
e
m
ag
ni
tu
de
.
6 (Ahead of Print)
a workout and individual differences in work capacity can be
accounted for which enables the maintenance of kinetic and
kinematic outputs across multiple sets. In addition, differing
velocity loss thresholds can alter the kinetic and kinematic outputs,
and total volumes that can occur. For example, a 10% threshold
may typically achieve an average set peak power output of
>3000 W through a range of 2 to 11 repetitions, whereas a 30%
protocol may achieve a most likely lower mean peak power
(ie, <3000 W) through a possible range of 3 to 24 repetitions.
Consequently, we recommend that practitioners utilize smaller
velocity loss thresholds (eg, 10% and 20%) when aiming to
maximize kinematic outputs and reduce neuromuscular fatigue
Table 3 Changes in Mean Concentric Kinetic and Kinematic Performance Across the 5 Sets for Each Protocol
Change over 5 sets
Outcome measure Condition
Mean (SD)
(90% CI for mean) Inferencea
Velocity, m·s−1 10% −0.01 (0.03)
(−0.02 to 0.01)
Likely trivial (1/87/12), moderate individual differences
20% −0.02 (0.01)
(−0.03 to −0.01)
Possibly trivial/possibly small ↓ (0/50/50),
trivial individual differences
30% −0.02 (0.02)
(−0.03 to 0.00)
Possibly trivial/possibly small ↓ (0/52/48),
small individual differences
Power, W 10% −14 (66)
(−45.7 to 17.0)
Likely trivial (0/93/7), moderate individual differences
20% −39 (16)
(−56.8 to −20.7)
Possibly trivial/possibly small ↓ (0/66/34),
trivial individual differences
30% −55 (41)
(−81.7 to −28.8)
Likely small ↓ (0/21/78), small individual differences
Force, N 10% 2.9 (42.7)
(−19.0 to 24.7)
Most likely trivial (0/100/0), small individual differences
20% −0.2 (20.5)
(−10.4 to 10.0)
Most likely trivial (0/100/0), trivial individual differences
30% −20.9 (34.3)
(−39.0 to −2.9)
Most likely trivial (0/100/0), small individual differences
Abbreviation: CI, conﬁdence interval.
aData in parenthesis are the probabilities (% chance) that the outcome measure substantially increased (↑)/remained the same (trivial)/substantially decreased (↓) across the
5 sets.
Table 4 Changes in Peak Concentric Kinetic and Kinematic Performance Across the 5 Sets for Each Protocol
Change over 5 sets (raw units)
Outcome measure Condition
Mean (SD)
(90% CI for mean) Inferencea
Velocity, m·s−1 10% 0.00 (0.02)
(−0.02 to 0.02)
Very likely trivial (1/98/1), small individual differences
20% 0.01 (0.02)
(−0.01 to 0.03)
Likely trivial (3/97/0), small individual differences
30% 0.01 (0.05)
(−0.02 to 0.04)
Likely trivial (7/92/1), small individual differences
Power, W 10% 17 (107)
(−82.3 to 117.2)
Very likely trivial (3/96/1), small individual differences
20% 54 (57)
(−27.2 to 134.7)
Likely trivial (5/95/0), trivial individual differences
30% 14 (171)
(−78.7 to 107.5)
Likely trivial (2/97/1), small individual differences
Force, N 10% −14.9 (81.0)
(−61.1 to 31.2)
Most likely trivial (0/100/0), small individual differences
20% −40.8 (82.7)
(−85.8 to 4.1)
Very likely trivial (0/98/2), small individual differences
30% −32.6 (113.9)
(−88.9 to 23.8)
Very likely trivial (0/98/2), small individual differences
Abbreviation: CI, conﬁdence interval.
aData in parenthesis are the probabilities (% chance) that the outcome measure substantially increased (↑)/remained the same (trivial)/substantially decreased (↓) across the
5 sets.
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responses during training. This may be useful during strength and
power mesocycles, or when fatigue is undesirable (eg, close to
competition). Alternatively, when aiming to increase training
volumes but avoid concentric failure, larger velocity loss thresh-
olds (eg, 30%) should be used. This may be more favorable for the
development of muscular hypertrophy.
Conclusions
Velocity loss thresholds are a valid method of monitoring resis-
tance training. By applying 10%, 20%, and 30% thresholds during
the back squat, improved prescription of kinetic and kinematic
outputs can be achieved while minimizing the large amount of
within- and between-athlete variability in both velocity and power
that occurs when prescribing from traditional methods (ie, a num-
ber of repetitions and sets at a percentage of maximal ability). This
supports previous research23 showing that traditional methods of
resistance training cause reduced kinematic outputs, particularly in
latter training sets, which may be detrimental to strength, power,
and physical performance adaptations. Consequently, practitioners
should consider applying velocity loss thresholds when resistance
training to (1) accurately monitor and prescribe resistance training
loads, (2) achieve predetermined levels of neuromuscular fatigue
across multiple sets, and (3) ensure that repetitions are completed
with appropriate levels of velocity and power and mitigate the
effects of accrued fatigue from previous sets.
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